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PROBLEM TO BE SOLVED: To provide a photo-catalyst having high photo-catalytic activity by the irradiation of 
visible rays, provide titanium oxide as a component of the catalyst and provide a photo-catalytic coating agent as a 

SC^Luf IO^The objective titanium oxide has an index X of ≤0.97 (X is B/A; A is the average of half-value widths of 
the 1st and the 2nd titanium peaks among four measured values of the half^value width of titanium peak having a 
titanium oxide bond energy of 458-460 eV by X-ray photoelectron spectroscopy; B is the average value of the 3rd and 
the 4th measurement values). The invention further discloses a photo- catalyst containing the titanium oxide and a 
photo-catalytic coating agent containing the titanium oxide and a solveint 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Titanium oxide whose index X which sets to A the average of the half peak width of the peak of the 1st time 
and the 2nd titanium when measuring the half peak width of the peak of the titanium which is between 458eV - 460eV 
of binding energy of titanium oxide by X-ray photoelectron spectroscopy 4 times, sets the average of the half peak 
width of the peak of the 3rd time and the 4th titanium to B, and is shown by the following formulas (I) from the 
aforementioned half peak widths A and B is 0.97 or less. 
X=B/A (I) 

[Claim 2] Titanium oxide according to claim 1 which sets the integration value of the absorbance of a spectrum with a 
wavelength [ when measuring an ultraviolet visible diffuse reflectance spectrum ] of 220nm - 800nm to C, sets the 
integration value of the absorbance of a spectrum with a wavelength of 400nm - 800nm to D, and is characterized by 
the index Y shown by the following formulas (II) from the aforementioned integration values C and D being 0.14 or more. 

Y=D/C (II) 

[Claim 3] Titanium oxide according to claim 1 or 2 characterized by the crystal structure of titanium oxide being an 
anatase type. 

[Claim 4] The photocatalyst object characterized by including the titanium oxide of a publication in a claim 1 - 3 any 1 
terms as a catalyst component 

[Claim 5] The photocatalyst object coating agent characterized by including the titanium oxide and the solvent of a 
publication in a claim 1-3 any 1 terms. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to titanium oxide, the photocatalyst object which 
comes to use it and a photocatalyst object coating agent In detail, by irradiating a visible ray, a high photocatalyst 
operation is discovered and it is related with the titanium oxide as the photocatalyst object which can perform 
decomposition removal of quality of an environmental pollutant such as decomposition removal of the malodorous 
substance in the decomposition, the habitation space, and the workspace of NOx in the atmosphere, mold, etc. or an 
underwater organic solvent and agricultural chemicals, a surfactant and its catalyst component and the photocatalyst 
object coating agent as a coating agent 
[0002] 

[Description of the Prior Art] The electron which has a strong reduction operation when ultraviolet rays are irradiated 
at a semiconductor, and an electron hole with the strong oxidation generate, and a oxidation reduction operation 
decomposes the molecular species in contact with the semiconductor. Decomposition removal of quality of an 
environmental pollutant such as decomposition removal of the malodorous substance in the decomposition, the 
habitation space, and the workspace of NOx in the atmosphere, mold, etc. or an underwater organic solvent and 
agricultural chemicals, a surfactant can be performed by calling such an operation photocatalyst operation and using 
this photocatalyst operation. Titanium oxide attracts attention as matter which has a photocatalyst operation, and the 
photocatalyst object which consists of titanium oxide is marketed. As commercial elegance, P-25 (tradename : Degussa 
make) is mentioned, for example. 

[0003] However, the photocatalyst object which consists of the aforementioned titanium oxide was not what has 

sufficient photocatalyst operation, when irradiating a visible ray. 

[0004] 

[Problem(s) to be Solved by the Invention] The technical problem of this invention is by irradiating a visible ray to offer 
the titanium oxide as the photocatalyst object which has a high photocatalyst operation, and its catalyst component 
and the photocatalyst object coating agent as a coating agent 
[0005] 

[Means for Solving the Problem] As a result of inquiring wholeheartedly that the above-mentioned technical problem 
should be solved, by irradiating a visible ray, this invention person etc. finds out the titanium oxide as a catalyst 
component suitable for the photocatalyst object which has a high photocatalyst operation, and came to complete this 
invention. 

[0006] Namely, this invention sets to A the average of the half peak width of the peak of the 1st time and the 2nd 
titanium when measuring the half peak width of the peak of the titanium which is between 458eV - 460eV of binding 
energy of titanium oxide by (1) X-ray photoelectron spectroscopy 4 times. It is titanium oxide whose index X which sets 
the average of the half peak width of the peak of the 3rd time and the 4th titanium to B. and is shown by the following 
formulas (I) from the aforementioned half peak widths A and B is 0.97 or less. X=B/A (I) 

[0007] (2) Set the integration value of the absorbance of a spectrum with a wavelength [ when measuring an ultraviolet 
visible diffuse reflectance spectrum ] of 220nm - 800nm to C. It is titanium oxide given in (1) which sets the integration 
value of the absorbance of a spectrum with a wavelength of 400nm - 800nm to D, and is characterized by the index Y 
shown by the following formulas (II) from the aforementioned integration values C and D being 0.14 or more. Y=D/C (II) 
[0008] (3) It is titanium oxide (1) characterized by the crystal structure of titanium oxide being an anatase type, or 
given in (2), and is [0009]. (4) as a catalyst component — (1) - (3) — the photocatalyst object characterized by any 
one including the titanium oxide of a publication — it is — [0010] (5) — (1) - (3) — it is the photocatalyst object 
coating agent characterized by any one containing with the titanium oxide of a publication, and a solvent 
[0011] 

[Embodiments of the Invention] Hereafter, this invention is explained in detail. The titanium oxide (Ti02) of this 
invention sets to A the average of the half peak width of the peak of the 1st time and the 2nd titanium when measuring 
the half peak width of the peak of the titanium which is between 458eV - 460eV of binding energy of titanium oxide by 
X-ray photoelectron spectroscopy 4 times. The index X which sets the average of the half peak width of the peak of 
the 3rd time and the 4th titanium to B, and is shown by the following formulas (I) from the aforementioned half peak 
widths A and B is 0.93 or less preferably 0.97 or less. 
X=B/A (I) 

In this invention in addition, measurement of the half peak width of the peak of titanium physical science electrical 
machinery industrial company make — XPS-7000 (X line source: — alpha 8kV [ of MgK(s) ] 30mA [ (narrow scan) ] — ) 
pass E= 10eV, step E= 0.04eV is used. The peak of the titanium (Ti) required for 60 seconds per measurement is 
measured twice. Subsequently, the peak of the oxygen (O) required for 56 seconds per measurement is measured 
twice. Subsequently, the peak of the carbon (C) required for 80 seconds per measurement is measured twice. 
Subsequently, the peak of the titanium (Ti) required for 60 seconds per measurement is measured twice, and between 
the time of measurement of a peak, and measurement without making it exposed into the atmosphere, time from a total 
of eight measurement starts to an end is performed, as it has been less than 10 minutes. 

[0012] When the index X of the aforementioned titanium oxide is larger than 0.97, titanium oxide does not have 
sufficient photocatalyst operation to irradiation of a visible ray. 

[0013] moreover, the aforementioned titanium oxide from a higher photocatalyst operation being discovered to 
irradiation of a visible ray The time of making an ultraviolet visible diffuse reflectance spectrum into a standard white 
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board by the spectrophotometer for ultraviolet and visible reg,on. and measuring a banum sulfate using an ntegrabng 
sphere When the integration value of the absorbance of a spectrum with a wave^ngth of 220nm - 800nm is se .to C 
and the integration value of the absorbance of a spectrum w.th a wavelength of 400nm - 800nm is set to D, 0.14 or 
Tore have the desirable index Y shown by the following formulas (2). and 0.16 or more are more des.rable. 

^ddWon the integration value of the aforementioned absorbance points out the area of the field surrounded by the 
horizontal axis and the diffuse reflectance spectrum within the limits of the specified wavelength in the ultraviolet 
visile diffuse reflectance spectrum which was made the absorbance at the vertical ax,s and made into wavelength at 

[001 h 4]Whe^theTndex Y of the aforementioned titanium oxide is less than 0.14. titanium oxide does not have sufficient 
ohotocatalvst operation to irradiation of a visible ray. 

[001 5] Furthermore, since higher photocatalyst activity is obtained to irradiation of a visile ray as for the titan.um 

oxide of this invention, it is desirable that the crystal structure of titanium oxide is an anatase type. 

[0016] Although the configuration of the titanium oxide of this invention changes w.th operation and is not the most 
mportant the shape of a particle and fibrous ** are mentioned, for example. Moreover, to titan.um ox.de. after m.x.ng 
L^noTganic compound in the range which does not hurt the photocatalyst activity by irradiation of a , visible , my * 
mixing heat treatment etc. may be carried out and mixture may be compos.te-ized. As the afore ™^7 7 d 
compound, a silica (Si02). an alumina (aluminum 203). a zirconia (Zr02). a magnes.a (MgO). a z.nc ox.de (ZnO). etc. are 

[0017] As d 'tht r n^nufacture method of the titanium oxide of this invention, rearrange an atom, at least one sort of 
matter is made to react between itself or both other matter, and the technique of making the original matter and 
different matter generate and the technique using the so-called chemical reaction are mentioned, for example The 
synthetic technique of the usual ceramic material, such as a adding-water part solution method, uniform settling, and 
thermal decomposition method, a coprecipitation method, a solid-phase-reaction method, an 'on-exohanga . method, a 
complex polymerization method, a hydrothermal crystallization method, a bak.ng synthesis method the liquid I phase 

epTSlld, and the sinking-in method, is specifically mentioned, and since the titanium ox.de which has above 
all the photocatalyst operation which was excellent to irradiation of a visible ray is obtained, application of a 

adding-water part solution method is recommended. . 

[0018] What is necessary is just to carry out by the method of m.x.ng water and mak.ng a , t.ta ri.um > compound more 
soecifically understanding an added water part, the method of m.x.ng a trtan.um compound and a steam and making .t 
understand an added water part etc. Furthermore, the titanium oxide which has the photocatalyst operat.on wh.ch was 
excellent ^irradiation of a visible ray can be obtained by hydrolyzing in alkaline atmosphere, hydrolys.s - slkal.no 
atmosphere — carrying out — facing — everything but ammonia — amine compound d.v.s.on-.nto-equal-parts 
sdutfons such as7midine compounds, such as amide compounds, such as a urea and a formam.de. and acetam.d.ne. a 
Stnanoiamine, and a hexamethylenetetramine. - the method of making ,t understand. an ^ water part under 
existence of the matter which generates alkaline components, such as ammonia, is raised the bottom in the case, and 
application of the method of making it understand an added water part under existence of ammonia or a urea ■• 
recommended above all As a titanium compound, a titanium trichloride, a titanium tetrachloride, sulfunc-ac.d titan.um. 

titanvl sulfate, a titanium alkoxide, etc. are used. t „u„.,<> «,«, - 

[001 9 The photocatalyst object of this invention is characterized by includ.ng the t.tan.um ox.de mentioned above as a 
cTtalyst component The aforementioned photocatalyst makes the high photocatalyst activity which he ^ o j 
of this invention has fully discover, and enables decomposition removal of qualrty of an environmental pollutant such as 
decomposX 'removal of the malodorous substance in the decomposition, the habitation space, and the workspace of 
NOx in the atmosphere, mold, etc. or an underwater organic solvent and agricultural chemica s. a surfactant 
[0020] As the aforementioned photocatalyst object, after adding a forming assistant to particle-i.ke titan.urr .oxide the 
Photocatalyst object which applied or covered and was able to obtain trtan.um ox.de to the base material made .of the 
sheet-like photocatalyst object acquired by carrying out extrusion mokJ.ng, the sheet-like photocatalyst object wh^h 
was made to carry out the confounding of fibrous titanium oxide and the organic fiber, and was acquired, metah or a 
resin is mentioned, for example, moreover, a purpose [ raise / the mechanical strength and a moldabihty /• orv a 
photocatalyst object ] - the titanium oxide of this invention - adding ~ an ."organic compound, a maoromo^cule 
resin, a forming assistant a binder, an antistatic agent an adsorbent etc. - also add.ng - .t .s good The t.tan,um 
oxide which has photocatalyst activity as the aforementioned inorganic compound, for example to irradiation of a silica 
(Si02) an alumina (aluminum 203). a zirconia (Zr02). a magnesia (MgO). a zinc ox.de (ZnO). and ultrav.olet rays .s 

KoSfwhat is necessary is to put a photocatalyst object a processed liquid, or a processed gas into the ' g |ass «are 
which penetrates a visible ray on the occasion of use of the aforementioned photocatalyst object, for example, and just 
to irradiate the visible ray whose wavelength is 430nm or more at a photocatalyst object using the hght source. In 
addition of course it is also possible to irradiate the ultraviolet beam of light used by the usua photocatalys.s. What is 
necessary is just to choose irradiation time suitably with the intensity of the light source, initial concentration, the 
purpose concentration of the quality of a processing object in a processed liquid, etc. 

[0022] It is not restricted if wavelength irradiates the visible ray which ,s 430nm or more or the ultrav wist l f «am °f hght 
used by the usual photocatalysis as the light source, and sunrays. a fluorescent lamp, a ha ogen lamp, the black light a 
xenon lamp a mercury-vapor lamp. etc. can be applied. Of course, where light with a wavelength [. such as ultrav.olet 
rays detrimental to a human body. ] of less than 400nm is intercepted, you may use. titanilim ™ de 

[0023] The photocatalyst object coating agent of this invention is characterized by includ.ng the titanium ox.de 
mentioned above and a solvent The aforementioned photocatalyst object coating agent makes ,t possible to make it 
easy to cover applying titanium oxide to a building material, automobile material, etc. or a bu.ld.ng material, automobile 
material, etc wi?h titanium oxide, and to give high photocatalyst activity to a building material, automob.le , rnater.aL ett. 
As a solvent an application rear stirrup has the desirable solvent wh.ch evaporates after covering and does not rema.n 
in titanium oxide, for example, water, a hydrochloric acid, alcohols, and ketones are mentioned 
[0024] The method of distributing water and slurring titanium oxide as the manufacture method of a photocatalyst 
object coating agent for example, the method of carrying out amalgam decomposition of the t.tan.um ox.de from an ac.d 
etc etc. are mentioned. On the occasion of the aforementioned distr.but.on. you may add a d.spersant .f no«°ed. 
[0025] The titanium oxide of this invention has a high photocatalyst operat.on by .rradiat.on of the v.s.ble ray whose 
wavelength is 430nm or more. Moreover, the photocatalyst object of th.s invention makes it possible to perform 
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decomposition removal of quality of an environmental pollutant such as decomposition removal of the malodorous 
substance in the decomposition, the habitation space, and the workspace of NOx in the atmosphere, mold, etc. or an 
underwater organic solvent and agricultural chemicals, a surfactant with the high photocatalyst activity which titanium 
oxide has. Furthermore, the photocatalyst object coating agent of this invention makes it easy to cover applying 
titanium oxide to a building material, automobile material, etc. or a building material, automobile material, etc. with 
titanium oxide, and makes it possible to give a high photocatalyst operation to a building material, automobile material. 

[0026] Moreover, by the photocatalyst operation, it is decomposition-removable or the photocatalyst object (the 
photocatalyst object which consists only of titanium oxide is included.) of this invention, the building material with which 
the application etc. carried out the photocatalyst object coating agent can oxidization remove various chemicals. As a 
chemical, microorganisms, such as quality of an environmental pollutant or bacteria, Actinomyces, a fungus, algae and 
mold. etc. are mentioned, for example. 

[0027] As quality of an environmental pollutant inorganic compounds, such as the endocrine disrupting chemicals 
called in environmental hormones, an organic halogenated compound, an organic phosphorous compound, organic 
compounds other than these, a nitride, a sulfur compound, a cyanide compound, and a chromium compound, are raised, 
for example. As endocrine disruptors. dioxin. PCB (polychlorinated biphenyl). etc. which are an organochlorine 
compound are mentioned besides phthalic acids, such as biphenyls, such as alkylphenols, such as a nonyl phenol and an 
octyl phenol, and bisphenol A, a phthalic acid benzyl butyl ester, and dibutyl phtalate, DDT 

(dichlorodiphenyltrichloroethane) which is agricultural chemicals, methoxychlor, an ape fan, etc. As things other than 
endocrine disrupting chemicals, chlorofluocarbon, trihalomethane, a trichloroethylene. tetrachloroethylene, etc. are 
mentioned with an organic halogenated compound. As organic substances other than endocrine disrupting chemicals, an 
organic halogenated compound, and an organic phosphorous compound, hydrocarbons, such as a surfactant and oil, 
aldehydes, mercaptans, alcohols, amines, an amino class, and protein are mentioned. Ammonia, nitrogen oxide, etc. are 
mentioned as a nitride. 
[0028] 

[Example] In the example, although a photolysis operation of an acetaldehyde is described, this invention is not limited 
to this example. In addition, characterization of titanium oxide and a photocatalyst object was performed by the 
following methods. 

[0029] X-ray-photoelectron-spectroscopy(XPS): — physical science electrical machinery industrial company make 
it measured in the following procedures using XPS-7000 

1. Measure twice the peak of the titanium (Ti) required for 60 seconds per measurement (The 1st addition) 

2. Measure twice the peak of the oxygen (O) required for 56 seconds per measurement 

3. Measure twice the peak of the carbon (C) required for 80 seconds per measurement 

4. Measure twice the peak of the titanium (Ti) required for 60 seconds per measurement (The 2nd addition) 

The time taken to perform these operations in order of 1-4, and to finish all operations was less than 10 minutes. 
Moreover, the measurement conditions are as follows and were performed. 
X line source: MgKalpha 8kV 30mA (narrow scan) 

pass E=10eVstep E= 0.04eV [0030] ultraviolet — visible — measurement of the ultraviolet visible diffuse reflectance 
spectrum which used the integrating sphere which makes a diffuse-reflectance-spectrum:barium sulfate a standard 
white board — the Shimadzu make — ultraviolet — visible — a spectrum — it carried out using luminous-intensity 
system UV-2500PC 

[0031] Crystal structure: It carried out by X diffraction equipment RAD-IIA by the physical science electrical machinery 
industrial company. . 

[0032] It hydrolyzed by dropping 141g (Wako Pure Chem make : best) of aqueous ammonia in about 30 minutes 15%, 
having stirred 100g (Wako Pure Chem make : best) of 120% titanium-trichloride solutions of examples under 
nitrogen-gas-atmosphere mind in the 300mL flask, and cooling by iced water. Filtration washing of the obtained sample 
was carried out and it dried. Subsequently, it calcinated at 400 degrees C among air for 1 hour, and the particle-like 
titanium oxide colored yellow was obtained. The crystal structure of the obtained titanium oxide was an anatase type. 
The result of XPS measurement of titanium oxide is shown in Table 1, and the result of ultraviolet visible . 
diffuse-reflectance-spectrum measurement is shown in Table 2. 

[0033] Subsequently, the glass petri dish with a diameter of about 5cm was installed in the glass reaction container 
made from Pyrex of a direct vent system (a diameter [ of 8cm ] x height of 10cm, capacity of about 0.5I.), and the 
photocatalyst object which consists only of particle-like titanium oxide which colored it yellow on the petri dish was 
placed, the inside of a reaction container — the volume ratio of oxygen and nitrogen — the mixed gas of 1:4 filling 
— an acetaldehyde — about 38micromol — it enclosed and the visible ray whose wavelength is 430nm or more was 
irradiated It evaluated by measuring the concentration of the carbon dioxide which is the oxidative degradation product 
of the acetaldehyde which generated the photolysis operation of the acetaldehyde of a photocatalyst object by 
irradiation using a gas chromatography (Shimadzu make column-orapak Q, carrier gas : helium). In addition, the 500W 
xenon lamp (USHIO make : lamp house UI- 502Q, lamp UXL- 500D, lighting-device XB-50101 AA-A) equipped with the 
ultraviolet-rays cut-off filter (colored glass filter made from Toshiba glass : tradename Y-45) which has the spectral 
characteristic of drawing 1 was used for the light source. The generation rate of a carbon dioxide was 23.4micromol/hr 
per 1g of catalysts. . . 

[0034] It hydrolyzed by dropping 36g (Wako Pure Chem make : best) of aqueous ammonia in about 5 minutes 25%, 
having stirred 25g (Wako Pure Chem make : best) of example 2 titanium tetrachlorides under air atmosphere in the 
300mL flask, and cooling by iced water. Filtration washing of the obtained sample was carried out and it dried. 
Subsequently, it calcinated at 400 degrees C among air for 1 hour, and white particle-like titanium oxide was obtained. 
The crystal structure of the obtained titanium oxide was an anatase type. The result of XPS measurement of titanium 
oxide is shown in Table 1, and the result of ultraviolet visible diffuse-reflectance-spectrum measurement is shown in 
Table 2. 

[0035] Subsequently, it carried out like the example 1 except having used the photocatalyst object which changes into 
the photocatalyst object which consists only of particle-like titanium oxide colored yellow in the example 1, and 
consists only of white particle-like titanium oxide. The generation rate of the carbon dioxide at this time was 
O.75micromol/hr per 1g of catalysts. 

[0036] It carried out like the example 1 except having used the photocatalyst object which changes into the 
photocatalyst object which consists only of particle-like titanium oxide colored yellow in example of comparison 1 
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example 1, and consists only of P-25 (a tradename, the Degussa make, a crystallized typeianatase type and a rutile 
type) of marketing. The generation rate of the carbon dioxide at this time was 0.3micromol/hr per 1g of catalysts. The 
result of XPS measurement of P-25 is shown in Table 1. and the result of ultraviolet visible 
diffuse-reflectance-spectrum measurement is shown in Table 2. 

[0037] Compared with the photocatalyst object which consists of commercial titanium oxide, the oxidative degradation 
operation (photocatalyst operation) of the photocatalyst object of this invention was high about the oxidative 
degradation of the acetaldehyde by irradiation of the visible ray whose wavelength is 430nm or more. 
[0038] 

[Effect of the Invention] As explained above, this invention offers the titanium oxide which has a high photocatalyst 
operation by irradiation of the visible ray whose wavelength is 430nm or more. Moreover, as a catalyst component, this 
invention offers the photocatalyst object containing the titanium oxide which has a high photocatalyst operation by 
irradiation of the visible ray whose wavelength is 430nm or more, and makes it possible to perform decomposition 
removal of quality of an environmental pollutant, such as decomposition removal of the malodorous substance in the 
decomposition, the habitation space, and the workspace of NOx in the atmosphere, mold, etc. or an underwater organic 
solvent, and agricultural chemicals, a surfactant Furthermore, this invention offers the photocatalyst object coating 
agent containing titanium oxide and a solvent makes it easy to cover applying titanium oxide to a building material, 
automobile material, etc. or a building material, automobile material, etc. with titanium oxide, and makes it possible to 
give a high photocatalyst operation to a building material, automobile material, etc. 
£039] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] . 

fDrawing 11 The wavelength-permeability diagram showing the spectral characteristic of the ultraviolet-rays cut-off 

filter with which the light source used for the example was equipped. 
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X = B/A 

k #0. *fcR2 2 0 nm-8 0 OnmTW^ Wl/tf) 
«b^«)«4H^CfcU »S400nm-800nm 

Y = D/C 

&« - k £^k -thm&m i xtt 2Ea<oKft;f - * 

[000 1] 

®fo*-T4yymzmth. 

[00 0 2] 

X = B/A 

[0007] (2) a^"ra»»R«^^b^*a!ffi 

L*!k#<£>. tt#2 2 0 nm-8 0 0 n m W<? h 
;K7)®3feJK^)S^ffiS:CkL, K4 0 0nm-8 0 0 

Y = D/C 

[0 0 08] ( 3 ) mcf-* yco£i£hffimtfT1-?-*£ 
mX'g>$>Zt*mWit*?& ( 1 ) Xtt < 2 ) IBttcoBHfc 

[0009] ( 4 ) M^J&frk LT ( 1 ) - ( 3 ) Wf 



y^>tr— ^^«*|coT^fflSrAk U 30@k4lH]@ 
Of - ^ >-co t°— ? c7)^«Hc7)^i%ffi £ B k L . ltijl£¥fffi 
(HA. BfrfcJSTra* ( I ) t»S*l*«RX**0. 9 

( I ) 

C, D*»fel2lTtf>* (ID T^il&^RY^O. 14 
CULT** - k Sr^kT^IS^JS 1 lE*«0BMfcf-* 



(II) 

P-25 (i&f«£ : x^-zlftJ) WP#ffe*l*. 
[0 0 03] LfrL&ifih* I^VEtfcrhfy 

[0004] 

[^W^Lct^k-r^iRS] »r« 
3^£EWft££kfc:J: >9^v^S4«f^fflS:*-r^3ett 
^WSWc^kUT^Mftf-^v. aiXn-x-f 

[0005] 

[0 00 6]f^,*Wl (l)X|M«f» 
ftmX*mk?-?yc0l&&^*fr*?—4 5 8 e V— 4 6 0 

&rco i @@ k 2EiBtf>?-* ycotr-^co^fflfiilS^^rtl 

£AkU 30@k4Il]@^^>'^t o -^^fi1i^ 

t*$*i*tesxa*o. 9i\3Tx?b&mit+?yx*h 

( i ) 

ftmc, D**feJ3lT^)* (in t*s*u>«ry#o. 

i 4 ja±T&*£fc < i ) e»oimw-* 

(in 

[ooio] (5) ( l ) — (3) vvma>iofc:iEtt 

<rm&? ytmut&tjz k ^^akf ^3tM^ftn 

[00 11] 
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TMiti-^ ^JS^X*/!^— 4 5 8 e V~4 6 0 e V 
<n^Zhh+9y<nV—9<7>^&*4®fil[%.L1zBi<r> 

fcU 3®Bb4®B0)-f-9y<W—9co ! tWliaco¥1% 

X = B/A 

a. m%mMxmtiMxps-7 ooo (x*gj® : Mg 

Ka 8kV 30mA (-^O— X^f-vV) . pas 
s E=10eV. step E=0. 04eV) Jffl 

0- t, m%.imz-oz 6 o&m^-h*9 y (tdwk 

-7««!l5££2lH]mv tfcweaug l [sHco^ 5 

1- hmm (O) Of-^(5DS!l^Sr2|Him\ iK^TSUJg 
1 EKcot 8 0#P^-?.^# ( C ) cr>e—7coffl%.£ 2 

ntfrw K^x-mfeimiz-oz 6 o®m-?&i-9 > (t 

i ) cot'— ?£Dia^£2[ItfTV>. *^t'— ?<7)iil^B£K. 
t^fill^ fflSt i: co^li^,* tc*SIS * £ CI b % < . It 
8Ie]£0a!lS^4&*^**TJSO^2r 1 0#iaF*lfc5r& J: 

Y = D/C 

ft. Hiiie?R?tJgcoa^Hii:«» fillitig 

[0014] mmit+fywfmy&o . 1 4 

[ o o i 5 ] $ e>tz. TOtu 

t>.m&-9 ><n>&&mtfTi~ 9 — MT'J> & <Z i: ** 

[ooi6] *micoMitJ-i?y<?)&mi. mmumz 
iosio-wmft^. CT^-tf, tnteK 

«£LTfcJ:^U 4fctia^Lfctt, &*Q3i#LTiI 

>• 'J*(SiO,), T>H~h ( A 1 2 0 3 ) . VlV 
a-T (ZrO,), V^y7 (MgO) , BftStt 
(ZnO) W&WiTklXh. 

[0017] ^WRvMttJ-fynWk-ft&b LXIZ. 

«i«r. ^< 1 1 i«ofts*-?-fLa#j>«.v>ttfl6« 

KeM&bm%&fy&*&J8&L#>& 3 E&. v-»*>»9> 
i£, flWteJfc 



ffi£Bi: U mrlB^IHe A . BA^UIT^ ( I ) T* 
Sill>itiScX#0. 9 7I31T, #£L<te0. 93OT 

< i ) 

[0012] msmt*9 xr^mxtfo . 97**)* 

[0013] ifc, ffiBK^f-^vtis *I*#»0!RBt 

?fc^2 2 0 n m~8 0 0 n m-C^O-X^:? WK7)tR3fcJg<D 
SHNISrCfc U t^400nm~800 nmW^ 

( 2 ) T'^$ix&*&lcY^0 . 1 4J3LbM6F4 L< . 
0. l6JSLb6»J:9#4Lv>. 

(2) 

[00 18] J; OftflsftWrtt, *f-9yft&ifa**b iiM. 
^LXM^m^h^m. 1-9 >iti?M tA<.M%bt: 
mi*VXM*ftMZ^&?TW$X'?ftt,££^. in 

ym<nT$yil-£W^mLizmzTy=Z:-Tm<?>T)V 
a vfe&ttZ£m.T&mnw<vft&Tx-tiaA<.ttM2it& 
■fim&hvfkti. M$>. Ty*:-T±td,i.mM<?xmT 
x^u7kftMZ-£z>iimv>&mt>mmzti&. ^9yvc% 
mbLxit. E.mt*?y. m&t^y. 
y. mt+9-tw <j-9yT/va*i'Vm&m^bti 

[0019] xftwcommmi. ma^k vxm& 

Limit** y*SstiZk*W&b-+i>. mMZXMm 
«, *WMcr>mt1-? yco^&-!m\<^%M&?£&£+ft 

imm*am, wmmm^i^b'commskm^co^m 
mk*-*smb-*h. 

[oo2o] mmmi&wb t-c«, mm. n^-vm 

1t*9 yiZfmf&fflimaLt:®, Wftf&B LX&kti 

Kis-bttmn&ft. mmm\t*?ybnwmb* 
imzitxnbtitzy- httKMUft. &mwitt>im 
smniffifcizmifrf- 9 y zmfiximm Lxn^tuz 

mwmm, &L&\tzft±Zitz,z:bZBmz, i&mr> 
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uimitiimb lxh. mufi/v* ( s i o 2 ) , r 

(Al 2 0 3 ) , is)V?=-T (ZrOj) . 
s/T ( M g O ) . BtftSIR ( Z n O ) &tf£*f-*SW>fiaf 

[0021] MEXIHn(c09ttffli=MtTa. «itf. 
430nmULhra5S^r«3tt8S-!Si«-<Xtf«tV\ 

[ 0 0 2 2 ] %Mb LX ifcft#4 3 0 n mULLf* 

m. AmzGw%m>?mmcD&M:4 0 0 nm&mvytz 
mj t tzmsx-m ^x t ± v> . 

[0023] #«HH<9#IHIfr=i-f - 4 ftr*fi 

[0024] 36ftB9E«c3— f - -f yymntmmkb LX 
[0025] #$ft»**>»fl:f-* Vti. &H#*4 3 0 n m 

[ 0 0 2 6 ] *^qflw3t«J««s; (iwfcf-^vrtfw- 



6. flsWMtfcl/Oi, 0tttfs 8»t7^ftl®X«MSi 

• sate • ws ■ sea ■ «»^tt&»*a«i*« , <->ii 
[0027] swt^&ftSfc urn, » mmfriv 

t'X7xy-;i-Af(7)k'7i^H, 7^/1- 

BlgT'£> 6DDT (y?n*y'7i -/W h U ? oAX? 

xx;w) mtfWfblXh. im>^y>te&»FCWiM 
^y, h^ooxfl/y, fh7?nnxfl/yf# 
WK'J yit&mtMn^mMi&b LTli. IfffivStt 
ygL T;W3-;H®. 75^ T5/^, 8^1089 

wmrbtis. mmit&mbLxii, t>*-t. mm 

[0028] 

[0029] XSM^bES ( XP S ) : S^USS! 

mttSx p s - 7 o o o fcJBivc . OT^HTia^ L 

fc. 

1 . «S1 Hlfco* 6 0 (T i ) 
^<?D}ffl^^2lfilffa. 

2. MgllsltlOl 5 6»»tSM* (O) Ot-?<?) 
aj^Sr2(lIfi : o. 

3 . 1 8 oimthsm ( c ) cot-^^ 
ai^$r2ta«d. 

ztit><7mmzi—4cr>mftx'irfr\ -kx^m^mi 
zcotzE-t h $m,$ i o ftvmx-h * tzM&kft- 
imT<r>m*)xiff-oti. 

Xtgj®:MgK« 8kV 3 0mA (fo-^t 

y) 

pass E=10eV 
step E=0. 04eV 

[0030] mwm&mm*^? v>v ■. m&v) 
Aiwm&mb-r&mmtim^m^mm^m^ 

UV-2 5 OOPCZm^X'nitz. 
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[0031] m&mt : w¥WMxm#.mxwt®$tmw. 

RAD - I I AT'tT->^. 

[0032] mmmi 

IS) 1 4 1 g 3 OUTSIT LHn**»*fTofc. # 

s-cft ofc. vox p swznmm&a 1 1, 

[0033] JJCWC, ftBBCtfOv^ ^ -y ^Xg#7XS 
<lES8cmXfc3 1 Ocm, &*»0. 5 U -y 

ftKS:fi38*imo 1SAU ifcHA s 4 3 0 nmfcLh 

ft K03fcfrflWEJ£. BUWfcJ: O^jSLfcr-febT* 
ft H<0BKt^^^*&-lMfcifi««iME*^ 
^ovh^^-f- (&}*§gftf?rlg , : Por 

apak Q, **VT—tfA :^>J<7A) SrfflV>TS!l 
3&f*ifcfc:J:oT9F«Lfc. «. EffltettH 1 *>4Hfc 

7X7-f;^-: ffi.Pn^Y-4 5) J:giUc5 0 0W 

02Q, 5y7UXL-500D, .£fl"£ISXB-50 
1 0 1 A A- A) tflJUfc. Z»Mk««<^«3«Ktt« 
2&1 g*fc923. 4tfmol/hr?i>ofc. 
[0 0 34] HS6CT2 

Wm<tf~?V (lammm: 1MR) 2 5g£300mL 
4>2 5%TV J E-T*(««£l«aR:Wa) 36gS» 
frUfeJ&Lfc. &^T\ ^>f4 0 0X;fl^ML 



[0035] fcwe, HSfiM 1 tctJ^THfeCSfeUfc 

cO^giSLKttjSSKl gft^OO. 75/imol/hrt 
[0036] JtlSffll 

^•y-tf-SL teal!: 7t *~ fefMfcA'f/VM) **frft»6 

i^cO-Mt^^^J£3®mSM^l gfcfcO 
0. 3/xmo 1 /h rX'h-otl. P - 2 5<OX P S$J?£ 

[0037] *»BB<0*««EfWi. tUlSOBHkf 9 >fr 

^hmmmzyc^xm&tfA 3 0 nmiai^s^ 

[00 38] 

[WHOM*] EUJjyPiUiaMc. ***«4 
3 0 nmJ^^*ft^a3m^J!IBfC*V^ttif^ffl* 

LT . }fcft#4 3 0 nmJ3LhTft4Tq«3BBl<»5!!gW 
[0039] 

[«1] 
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1 

zf<lnja P J J- 




Jt$£#J 1 


m 

(e V) 


4 5 8.7 


4 5 8. 2 


4 5 8. 2 


Ii©¥^lA (eV) 


2.4 3 


1.45 


1. 3 4 


fg (e V) 


4 5 8.3 


4 5 8, 2 


4 5 8.2 


fa<ltf>¥*SHl:B (eV) 


1.56 


1 . 3 4 


1. 3 3 


fli&X (=B/A) 


0. 6 4 


0.9 2 


0.9 9 



[0 04 0] [^2] 











2 2 0 n m~ 8 0 0 n mX*(OX^< 


2 9 5. 6 


2 6 3. 9 


2 4 6. 4 


4 0 0 n 8 OOn mX'tD^^ 


5 7.8 


3 1.4 


3 1.0 


%i&Y (-D/C) 


0. 19 6 


0.119 


0. 12 6 



[HI] ldtMCcfflv^3te»fci»Ufc*J«R^ v h 

[HI] 



100 




4(H) 600 800 



(72)%HB# H0B F^-A(##) 4G047 CA02 CB05 CC03 CD03 

«ISm«rJSi^r!f«^fflr5#l* tt£flS¥ 4G069 AA01 AA08 BA04A BA04B 

XSIWoS&ttrt BA48A BB08B BD12B EA02Y 

EC22X EC22Y FB30 FB77 
4J038 AA011 HA101 HA211 HA216 
HA371 JA23 JC38 KA06 
NA05 PB05 PB07 PC02 PC08 
PC10 



